Azimuthal Single-Spin Asymmetries for semi-inclusive electro-production of charged pions in deep-inelastic scattering of positrons off transversely polarized protons are presented. Different combinations of the azimuthal angles of the hadron momentum and the proton spin direction around the virtual photon direction allow a separation of the so-called Collins and Sivers asymmetries.
Introduction
Single-spin asymmetries (SSA) in the azimuthal distribution of leptoproduced hadrons around the virtual photon direction are a valuable tool to explore transverse spin and momentum degrees of freedom in the nucleon structure. Such SSA's in semi-inclusive deep-inelastic scattering (DIS) have been observed already with unpolarized beam and longitudinally polarized nucleons. 1 Recently, 2 the Hermes experiment at Desy measured SSA's also on a transversely polarized target. While the interpretation of the data from longitudinally polarized targets is hampered by the fact that the various contributions can not be disentangled, a transversely polarized target allows a simultaneous measurement of Collins and Sivers asymmetries. The Collins asymmetry involves the transversity distribution 3 h 1 -the last to be measured leading-twist forward quark distribution. It describes the imbalance in the number of quarks with their spin (anti)aligned to the spin of a transversely polarized nucleon. It can not be measured in inclusive processes because of its chiral-odd character. However, in semi-inclusive DIS it -also chiral-odd and odd under naive a time reversal (T-odd) -resulting in a sinusoidal distribution of produced hadrons around the virtual photon direction. The Sivers asymmetry, on the other hand, involves a naive Todd distribution function. The Sivers function 5 f ⊥ 1T was believed to vanish because of this property but in the recent work initiated by Ref. 6 it was realized that final-state interactions via soft gluons offer a mechanism to create the necessary interference of amplitudes for its naive T-odd nature. An interesting property of the Sivers function is its link to orbital angular momentum L z -the Sivers function vanishes for zero L z . It thus has the potential to lead to one way of measuring L z .
Azimuthal Single Spin Asymmetries
Both the Sivers and the Collins functions belong to the group of unintegrated distribution (DF) and fragmentation functions (FF). They explicitely depend on intrinsic parton transverse momenta and do not survive integration over the latter. Hence a measurement needs to be sensitive to transverse momenta. One possibility is to study the azimuthal distribution of hadrons around the virtual photon direction. In case of a transversely polarized target this distribution depends on two azimuthal angles φ and φ S as seen in Fig. 1 .
The luminosity-normalized count-rate asymmetries between opposite target spin states (↑, ↓) can be written as the sum of two sine functions:
a Naive time reversal is time reversal without interchange of initial and final states.
Here S T is the transverse polarization of the target, the subscript U T denotes unpolarized beam and transverse target polarization, x (Bjorken scaling variable) as well as y (fractional energy of the virtual photon) are the usual DIS Lorentz invariants and B( y )
. The amplitudes of each sine term are proportional in leading order to a convolution integral over transverse momenta of both a DF and a FF:
where p T (k T ) are the intrinsic quark transverse momenta,P h⊥ is the unit vector in the hadron's transverse momentum direction and z is the fractional energy of the hadron. These virtual-photon asymmetries were extracted performing a two-dimensional fit of Eq. (1) in order to minimize uncertainties from systematic correlations.
Results
The measured asymmetries for the charged π mesons are plotted in Fig. 2 as functions of x and z. The Collins moments b sin(φ + φ S ) are positive for π + and negative for π − . This is not unexpected as the two valence quark flavors of the proton are predicted to have transversity distributions of opposite sign and they contribute to π + /π − production with different strength. However, the large moments for the π − are somewhat unexpected but could be explained by a large disfavored Collins FF (e.g. the fragmentation of up quarks into π − mesons) which is also opposite in sign compared to the favored one.
The Sivers moments are positive for π + and consistent with zero for π − . This agrees with e.g. the prediction in Ref. 9 and is the first direct sign of a T-odd DF in DIS. This observation is, however, weakened by the fact that a fraction of the observed π mesons comes from the decay of exclusively produced vector mesons, mainly ρ 0 mesons. These can not be reconstructed due to the limited detector acceptance and could carry a large asymmetry not related to the Sivers function. 
Outlook
These data are only a first glimpse on the total data set which Hermes will take with a transversely polarized target. The complete data set will not only allow a more precise measurement of the presented moments but also the extraction of the involved DF's and FF's. Furthermore, a measurement of the ρ 0 asymmetry will shed light on the question whether the measured Sivers moments are indeed a first observation of a T-odd DF in DIS or whether they are entirely due to exclusive VM production.
